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SPECIFICATION 

Title of the Device: LIQUID CRYSTAL DISPLAY 

Claim of Utility Model 

A liquid crystal display comprising a liquid crystal 
display element including a pair of translucent insulating 
substrates disposed opposite each other, electrodes formed 
on the opposing surfaces of the insulating substrates, and 
liquid crystal filled between the insulating substrates; and 
a convex-lens-shaped translucent body on the surface to be 
observed (the front) of the liquid crystal display element. 

Detailed Explanation of the Device 

The present device relates to a liquid crystal display, 
and more specifically, it relates to a liquid crystal 
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display including a liquid crystal element having an 
extended range of directions from which the displayed 
pattern is visible. 

In general, a liquid crystal display includes a 
plurality of pairs of electrodes. Each pair of electrodes 
is disposed opposite each other. Liquid crystal is filled 
between the opposing electrodes. According to a pattern to 
be displayed, pairs of electrodes are selected, and a . 
voltage is applied between the electrodes of each pair 
selected. The voltage causes an optical change in the 
liquid crystal. Using this optical change, the pattern is 
displayed. Such a liquid crystal display operates with very 
low power consumption and at very low driving voltage. In 
addition, the shape of the displayed pattern can be designed 
freely. Moreover, products using it can be made thin. 
Therefore, it is widely used for displaying numerical, 
alphabetical, and symbolic characters in calculators and 
digital watches. . 

FIG. 1 is a sectional view showing an example of 
conventional liquid crystal displays. In FIG. 1, reference 
characters la and lb respectively denote an upper substrate 
and a lower substrate, which are disposed opposite each 
other and are translucent insulating substrates. On the 
opposing surfaces of the upper substrate la and the lower 
substrate lb, upper electrodes 2a and lower electrodes 2b 
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are formed, respectively. The upper electrodes 2a and the 
lower electrodes 2b are arranged in a predetermined pattern. 
The distance between the upper substrate la and the lower 
substrate lb is maintained at a predetermined distance. 
Sealing members 3 are provided around the substrates to form 
a sealed space. The sealed space is filled with nematic 
liquid crystal 4 having optical activity. In this way, a 
liquid crystal display element 5 is constructed. On both 
sides of the liquid crystal display element 5, polarizing 
plates 6a and 6b are respectively disposed in a manner such 
that their polarizing axes are perpendicular to each- other. 
On the outer surface of the polarizing plate 6b, a 
translucent body 7 is placed. This translucent body 7 is 
formed of transparent resin or glass. The front surface of 
the translucent body 7, that is to say, the surface facing 
the polarizing plate 6b, is roughened to form a light- 
diffusing surface 7a. In the case where the translucent 
body 7 is formed of glass, this light-diffusing surface 7a 
is very finely roughened by a combination of mechanical 
grinding, such as sandblasting, and chemical etching, and 
can both transmit and diffuse light waves. On the back 
surface of the translucent body 7, a reflector 8 is 
deposited by evaporation. The reflector 8 is formed o^f a 
reflective material, for example, aluminum. At an end of 
the translucent body 7, a light source 9 is disposed. At 
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night, light diverging from the light source 9 is guided 
into the translucent body 7. In this way, the liquid 
crystal display 10 is constructed. The liquid crystal 
display 10 is enclosed in a case 11. The case 11 containing 
the liquid crystal display 10 is inserted into a watch case 
(not shown) . 

In the liquid crystal display constructed in this way, 
of the light rays falling on the front face, only the light 
rays corresponding to the polarizing axis of the polarizing 
plate 6a pass through the polarizing plate 6a. Next, the 
light rays pass through the upper substrate la and the upper 
electrodes 2a/ are rotated by 90 degrees in the liquid 
crystal 4, and then pass through the lower electrodes 2b and 
the lower substrate lb. As described above, the rear 
polarizing plate 6b is placed, in a manner such that its 
polarizing axis is perpendicular to that of the front 
polarizing plate 6a. Therefore, the incident light rays 
rotated by 90 degrees have a deflection angle corresponding 
to the polarizing axis of the polarizing plate 6b. 
Therefore, the light rays pass through the polarizing plate 
6b, then pass through the translucent body 7 and fall on the 
reflector 8. Next, these incident light rays are reflected 
by the reflector 8 and travel the reverse route. The front 
surface of the polarizing plate 6a has uniform brightness. 
When pairs of the upper electrode 2a and the lower electrode 
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2b are selected, and a voltage is applied between the 
electrodes of each pair selected, the liquid crystal in the 
portions to which a voltage is applied loses optical 
activity. Therefore, the light rays incident on these 

» 

portions cannot pass through the polarizing plate 6b, and 
consequently only the portions to which a voltage is applied 
darken. In this way, a desired pattern is displayed. At 
night when there is no illumination, there is no ambient 
light incident on the polarizing plate 6a, and therefore the 
displayed pattern is not visible. To solve this problem, . 
the light source 9 disposed at an end of the translucent 
body 7 provides illumination. The light diverging from the 
light source 9 enters the translucent body 7 from the end 
face thereof, is uniformly reflected by the reflector 8, and 
is then uniformly diffused by the light-diffusing surface 7a. 
In this way, the liquid crystal display displays a desired 
pattern as a transmissive liquid crystal display. 

However, in the liquid crystal display having the above 
structure, the reflector 8 is nondirectional . Therefore, 
the liquid crystal display 10 has strong directionality, and 
the displayed pattern is visible only from the direction 
perpendicular to the screen; more specifically, the range of 
directions from which the displayed pattern is visible is 
between arrows A-A shown by dashed lines in FIG. 3. The 
liquid crystal display 10 having such directionality is 
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incorporated in a wrist watch. In the case of men, the 
screen is located on the back side of the wrist. In the 
case of women, the screen is located on the palm-side of the 
wrist. In either case, the arm is twisted so that the 
screen is within the visible range and the displayed pattern 
can be read. Only when the line of sight is substantially 
within the range of directions from which the displayed 
pattern is visible, can the displayed pattern be read. 
However, when the direction of the light incident on the 
screen of the watch is indefinite, and the direction of the 
incident light substantially corresponds with the line of 
sight, or when the line of sight is not within the range of 
directions from which the displayed pattern is visible, the 
displayed pattern is hard to view. In extreme cases, the 
display is completely invisible. In these cases, in order 
to read the displayed pattern, the arm needs to be further 
twisted. This is disadvantageous. 

Accordingly, it is an object of the present device to 
provide a liquid crystal display having an extended range of 
directions from which the displayed pattern is visible. 

In order to attain this object, the liquid crystal' 
display according to the present device includes a convex- 
lens-shaped translucent body provided on the screen of the 
liquid crystal display element. The liquid crystal display 
according to the present device will now be described in 



1 



- 7 - 

detail with reference to the drawings. 

FIG . 2 is a sectional view for explaining an embodiment 
of the liquid crystal display according to the present 
device. The same reference characters will be used to 
designate the same components as those in FIG. . 1, so that 
the description will be omitted. In FIG. 2, a barrel shaped 
convex, lens (a convex lens having a semicircular cross- 
section) 12 formed of transparent acrylic resin or glass is 
attached to the surface of the polarizing plate 6a disposed 
on the front of the liquid crystal display element 5. The 
barrel shaped convex lens 12 is attached with a transparent 
adhesive 13 along the longitudinal direction of the 
displayed pattern. The barrel shaped convex lens 12 needs 
to be attached in a manner such that it covers at least the 
pattern-displaying portion of the polarizing plate 6b. In 
addition, the barrel shaped convex lens 12 needs to be 
attached in a manner such that there is no space between the 
convex lens 12 and the polarizing plate 6a, so as not to 

i 

come off. It goes without saying that the adhesive 13 
applied between the polarizing plate 6a and the convex lens 
12 needs to be unreactive with the surface of the polarizing 
plate 6a and the surface of the acrylic convex lens and to 
have excellent adhesive properties. 

As described above, the liquid crystal display has a 
structure in which the barrel shaped translucent convex lens 
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12 is attached on the polarizing plate 6a, that . is to say, 
on the screen. Therefore, the light rays from the displayed 
pattern pass through this barrel shaped convex. lens 12 and 
are refracted by the curved surface of the convex lens 12 in 
the directions ranging between arrows B-B shown by alternate 
long and short dash lines in FIG. 3. When the convex lens 
12 is not provided, the range of directions from which the 
displayed pattern is visible is between arrows A-A. 
Compared to this, the visible range is extended by the 
shaded areas. Therefore, the light rays from the displayed 
pattern are directed in substantially all directions via the 
curved surface of the convex lens 12. Therefore, the 
displayed pattern can be easily read from any direction. In 
addition, the convex lens 12 attached on the polarizing 
plate 6a completely protects the polarizing plate, which is 
sensitive to humidity, contact, and so on. Therefore, the 
life of the polarizing plate is vastly extended, and 
consequently, the life of the liquid crystal display is 
vastly extended. 

In the above embodiment, a barrel shaped convex lens is 
attached to the screen. However, the present device is not 
limited to this. It goes without saying that a spherical 
convex lens, for example, has the same effect. 

As described above, the liquid crystal display 
according to the present device includes a convex-lens- 
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shaped translucent body placed on the screen of the liquid 
crystal display element. Therefore, the liquid crystal 
display has various excellent advantages. For example, the 
range of directions from which the displayed pattern is 
visible is vastly extended, and therefore the displayed 
pattern can be read very easily and instantly from any 
direction. In addition, since a convex-lens-shaped 
translucent body is placed on the screen, the range of 
directions in which ambient light falls on the screen is 
substantially equal to the range of directions from which 
the displayed pattern is visible. Therefore, the contrast 
of the displayed pattern in the daytime is dramatically 
improved. 

Brief Description of the Drawings 

FIG. 1 is a sectional view showing an example of 
conventional liquid crystal displays; FIG. 2 is a sectional 
view showing an embodiment of the liquid crystal display 
according to the present device; and FIG. 3 is a sectional 
view showing directionality of the liquid crystal display 
according to the present device. 

> 

la: upper substrate 
lb: lower substrate 
2a: upper electrode 
2b: lower electrode 
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3: sealing member 

4: liquid crystal 

5: liquid crystal display element 

6a, 6b: polarizing plate 

7: translucent body 

7a: light-diffusing surface 

8: reflector 

9: light source 

10: liquid crystal display 

11: case 

12: barrel shaped convex lens 
13: adhesive 
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